We study the effect of non-universal Z ′ boson in the decay modes B → Kπ. In the standard model these modes receive dominant contributions from b → s QCD penguins. Therefore, in this limit one expects
The standard model (SM) of electroweak interaction is very successful in explaining the observed data so far, but still it is believed that there must exist some new physics beyond the SM, whose true nature is not yet well-known. Therefore, intensive search for physics beyond the SM is now being performed in various areas of particle physics. In this context the B system can also be used as a complementary probe. One of the important ways to look for new physics in the b-sector is the analysis of rare B decay modes, which are induced by the flavor changing neutral currents (FCNCs), in particular b → s transitions.
Although, so far we have not been able to see any clear indication of physics beyond the SM in the currently running B-factories but there appears to be some kind of deviation in some b → s penguin induced transitions i.e., the mixing induced CP asymmetries in many b → sqq penguin dominated modes do not seem to agree with the SM expectations.
The measured values in such modes follow the trend S sqq < sin 2β [1] , whereas in the SM they are expected to be similar [2] . In this context B → Kπ decay modes, which receive dominant contributions from b → s mediated QCD penguins in the SM, provide an ideal testing ground to look for new physics.
At present, there seems to be two possible hints of new physics in these modes. The first one is associated with the mixing induced CP asymmetry in B 0 → π 0 K 0 mode. The time dependent CP asymmetry in this mode is defined as
and in the pure QCD penguin limit one expects A π 0 Ks ≈ 0 and S π 0 Ks ≈ sin(2β). Small non-penguin contributions do provide some corrections to these asymmetry parameters and it has been shown in Refs. [3, 4, 5, 6 ] that these corrections generally tend to increase S Kπ 0 from its pure penguin limit of (sin 2β) by a modest amount i.e., S π 0 Ks ≈ 0.8. Recently, using isospin symmetry it has been shown in [7, 8] that the standard model favors a large
However, the recent results from Belle [9] and Babar [10] are A π 0 Ks = 0.14 ± 0.13 ± 0.06, S π 0 Ks = 0.67 ± 0.31 ± 0.08 (Belle)
A π 0 Ks = −0.13 ± 0.13 ± 0.03,
with average
where S π 0 Ks is found to be smaller than the present world average value of sin 2β = 0.672 ± 0.024 measured in b → ccs transitions [1] by nearly 1-sigma.
This deviation which is opposite to the SM expectation, implies the presence of new physics in the B 0 → K 0 π 0 decay amplitude. In the SM, this decay mode receives contributions from QCD penguin (P ), electroweak penguin (P EW ) and color suppressed tree (C) diagrams, which follow the hierarchical pattern P : P EW : C = 1 : λ : λ 2 , where λ ≈ 0.2257 is the Wolfenstein expansion parameter. Thus, accepting the above discrepancy seriously one can see that the electroweak penguin sector is the best place to search for new physics.
The second anomaly in the B → Kπ sector is associated with the direct CP asymmetry
These two modes receive similar dominating contributions from tree and QCD penguin diagrams and hence one would naively expect that these two channels will have similar direct CP asym-
In the QCD factorization approach, the difference between these asymmetries is found to be [11] ∆A
whereas the corresponding experimental value is [1]
which yields nearly 4σ deviation. This constitutes what is called ∆A CP (Kπ) puzzle in the literature and is believed to be an indication of the existence of new physics.
To account for these discrepancies between the observed and expected observables, here we consider the effect due to an extra U(1) ′ gauge boson Z ′ as an illustration, which can provide additional contributions to the electroweak penguin sector. The existence of extra Z ′ boson is a feature of many models addressing physics beyond the SM, e.g., models based on extended gauge groups characterized by additional U(1) factors [12] . Also the new physics models which contain exotic fermions, predict the existence of additional gauge boson [13] .
Flavor mixing can be induced at the tree level in the up-type and/or down-type quark sector after diagonalizing their mass matrices.
Before incorporating the effect of extra Z ′ boson to the B → Kπ amplitudes, first we would like to briefly present the standard model results. In the SM, the relevant effective
Hamiltonian describing the decay modesB → πK is given by
Thus, one can obtain the transition amplitudes in the QCD factorization approach [14] as
and
where λ p = V pb V * ps and
The parameters α i 's and β i 's are related to the Wilson coefficients C i 's and the corresponding expressions can be found in [14] .
Thus, one can symbolically represent this amplitude as
where a = |λ u /λ c |, −γ is the weak phase of V ub , r = |A u /A c |, and δ 1 is the relative strong phases between A u and A c . From the above amplitude, the CP averaged branching ratio, direct and mixing induced CP asymmetry (for neutral B meson case) parameters can be obtained as
A πK = 2r a sin δ 1 sin γ 1 + (r a) 2 + 2ra cos δ 1 cos γ ,
For numerical evaluation, we use input parameters as given in the S4 scenario of QCD factorization approach [14] . For the CKM matrix elements we use V cb = (41.5
|V cs | = 0.97334 ± 0.00023, |V ub | = (3.59 ± 0.16) × 10 −3 , |V us | = 0.2257 ± 0.0010 [15] and γ = (65 ± 10)
• . The particle masses and life time of B 0 are taken from [15] . Since QCD factorization suffers from end-point divergences we have included 20% uncertainties in the branching ratio and 10 % uncertainties in the CP asymmetry parameters. With these inputs we show in Figure-1 
where g 1 = e/(sin θ W cos θ W ), g ′ is the gauge coupling constant of the U(1) ′ group and B
L(R) ij
denote the left (right) handed effective Z ′ couplings of the quarks i and j at the weak scale.
The diagonal elements are real due to the hermiticity of the effective Hamiltonian but the off diagonal elements may contain effective weak phase. Therefore, both the terms in (13) will have the same weak phase due to B dd , so that the new physics is primarily manifest in the EW penguins [17] , the resulting effective Hamiltonian at the M W scale is given as
where ∆C 7 and ∆C 9 are the new Wilson coefficients arising due to the extra Z ′ boson contributing to the electroweak penguin sector given as
For convenience we can parameterize these coefficients as
where φ s is the weak phase associated with B L sb and the minus signs in the r.h.s appear because the weak phase of the CKM element V ts is π.
After having an idea about the new electroweak penguin contributions at the M Z scale, we now evolve them to the b scale using renormalization group equation [22] . Using the values of these coefficients at b scale we obtain the new contribution to the transition amplitudes.
These values can then be evolved to the m b scale using the renormalization group equation [22] 
where C is the 10×1 column vector of the Wilson coefficients and U 5 is the five flavor 10×10 evolution matrix. The explicit forms of C(M W ) and U 5 (m b , M W , α) are given in [22] .
Because of the RG evolution these three Wilson coefficients generate new set of Wilson coefficients ∆C i (i = 3, · · · , 10) at the low energy regime (i.e., at the m b scale) as presented in Table-1 . Thus one can obtain the new contribution to the transition amplitude
where A SM 's are the corresponding SM amplitudes as given in Eqs. (7) (8) (9) and ∆α i 's and ∆β i 's are related to the new Wilson coefficients ∆C i 's. Analogous to Eq. (11) we can now represent the transition amplitude incorporating the new physics contribution as
where for simplicity we have assumed ξ L = ξ R = ξ. A N is the new physics contribution which contains the strong phase information, b = |λ t ξ/λ c |, r ′ = |A N /A c |, and δ 2 is the relative strong phases between A N and A c . Thus from the above amplitude one can obtain the CP averaged branching ratio, direct and mixing induced CP asymmetry parameters as
where R = 1 + (ra) 2 + (r ′ b) 2 and 2 . The Z ′ mass is constrained by direct searches at Fermilab, weak neutral current data and precision studies at LEP [23] , which give a model dependent lower bound around 500 GeV. Here we consider more conservative limit as M Z ′ ≥ 700 GeV, which gives the upper bound of the parameters |ξ| < 1.65 × 10 −2 .
However, in this analysis we vary its value within the range (0.015 − 0.005), which is true for In this paper we have studied the B → Kπ decay modes, which receive dominant contributions from b → s QCD penguins in the SM. In the SM its mixing induced CP violation parameter in B 0 → K 0 π 0 is expected to be larger than that of sin 2β, obtained from b → ccs transitions and ∆A CP (Kπ) ≈ 2.5%. However the observed value S π 0 Ks is less than sin 2β
by nearly 1-sigma and ∆A CP (Kπ) deviates from its SM value by nearly 4 σ. Also the SM predicted branching ratio in B 0 → π 0 K 0 is found to be less than that of observed value.
Since the final π 0 can materialize from a Z ′ boson, this decay mode is quite sensitive to electroweak penguin contributions. We have considered the effect of an extra non-universal Z ′ gauge boson which is expected to give significant contributions to electroweak penguin sector. We have shown that the observed anomalies in this mode could be successfully explained with a TeV range Z ′ boson. In future with improved statistics, this mode can provide an indirect hint for the existence of Z ′ boson.
